Introduction
Numerous studies have shown that 20 to 40% of globally used energy is utilized in building sector whose release of GHG reaches one third of global emission [1] [2] [3] . Buildings have potential to reduce energy consumption from 30 to 80% [4, 5] .
According to IEA, the total consumption of final energy in the World in 2013 reached 3478 Mtoe with the share of electric energy consumption of about 22% (771 Mtoe). The share of commercial and public sector in total energy consumption was 14% (487 Mtoe) with 52% (251 Mtoe) of electric energy [2] . The building sector uses 64% (246 Mtoe) of produced electric energy while 50% is used in commercial and public sector, fig. 1 .
According to Eurostat data [6] , the consumption of final energy in EU 28 is 1104 Mtoe which is about 18% of total global energy consumption [7] . The building sector and commercial sector in EU 28 use about 41% of final energy [6] .
The energy consumption in Serbia, as a developing country and an EU candidate is about 8.71 Mtoe per year with 27% (2.31 Mtoe) of electric energy consumption. In total electric energy consumption, 71% (1.64 Mtoe) is used in building sector with 18% (0.42 Mtoe) in commercial and public buildings, fig. 2 . In these buildings, the share of electric energy consumption in total final energy consumption is 53% [8] (fig.3 ).
According to numerous studies, the share of energy consumption for lighting in total electric energy consumption in public buildings ranges from 30 to 60% [9] [10] [11] [12] [13] .
The latest data reveal that 7% of primary energy in the developed countries is used for different types of lighting [14] . According to US Department of Energy [15] , energy used for lighting has a share of about 7% in total final energy consumption, and 18% in electric energy consumption. In Canada [16] , energy used for lighting in commercial sector has a share of 10% in total final energy consumption and 24% in electricity consumption. In Sweden, the share of energy used for lighting in total final energy consumption amounts to 23% of electric energy [17] , and in Italy that value is about 16.4% [18] . In commercial buildings, lighting takes about 25-35% of total energy consumption [19] .
In order to reach the norms of energy savings in buildings in terms of lighting [20] [21] [22] , the best solution is to replace an existent system with energy-efficient one which would have the same emission flux and lower energy consumption [23] . The review reveals that the replacement of older lighting installations (T12 fluorescent lamps) with modern energy-efficient T5 lamps with HF ballasts could provide up to 40% energy savings. An additional 40% of energy savings could be obtained by using a combination of more energy-efficient luminaires, task/ ambient lighting, occupancy switch-off and daylight dimming, making it possible to achieve totally 80% energy savings compared to older T12 fixed lighting installations [11, [24] [25] [26] [27] [28] [29] [30] [31] [32] .
In addition to used power, the design of lighting system can also take into consideration the factors of heating (the quantity of heat produced through lighting), since it can have a significant influence on energy needs for cooling during the summer period [33] . With the recent increment of market penetration of light-emitting diode (LED) lightning technology, one of the interesting measures for increasing the efficiency of lighting systems in public buildings is the replacement of the existent systems with LED technology.
Lighting systems based on LED technology have become present on the market relatively recently. The characteristics of led lighting include more efficient usage of electricity, longer life, high level of light efficiency, flexible design and insignificant heat transfer. All the mentioned characteristics make this type of lighting source more attractive than other tradition-
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al light sources. The LED systems are not popular only as a modern design solution to contemporary architecture but they also have a significant value in terms of energy efficiency and can be applied as replacements for the existent lighting systems [34, 35] . Many manufacturers and distributers of LED lighting claim that through the usage of LED tubes the savings of up to 70% of electric energy can be made in respect to conventional fluorescent tubes. Doing so, they usually focus on potential savings of electric energy and all benefits of the longer life, neglecting the level of light efficiency of LED lighting [36] [37] [38] .
The LED lighting has multiple advantages in respect to traditional lighting sources in terms of health and environment protection since it is made according to Restriction of Hazardous Substance Directive principles and it does not contain lead, mercury, cadmium nor hexavalent chromium which are harmful for the environment.
The LED lighting offers directed lighting (exactly where it is needed) unlike fluorescent lighting which emits lighting in numerous directions which means that light is not needlessly lost with LED technology. Secondly, there is a tendency that fluorescent lighting has a reduced lifespan when it is integrated with different sensors and/or other controlling devices. Quite contrary, LED lighting works perfectly with controlling systems [39, 40] .
The purpose of the paper is to present the savings calculation methodology for the replacement of existing lighting systems with led systems in public buildings, taking into consideration not only the savings in electric energy, but also the savings made through the reduction of maintenance costs. The methodology presented in this paper is significant since it can be applied on all public buildings. The methodology is efficient but still simple enough so that it can be used by energy managers in order to reveal potential savings. Further on, it can be used to improve efficiency of lighting systems.
Methodology
This chapter introduces the methodology for determination of potential energy savings and cost savings when the existent lighting sources are replaced with adequate LED lighting sources. The first step was to collect the data from monthly electricity bills for the time period of at least one year including the system for charging electric energy consumption (tariff classes), total electric energy consumption and total costs of electricity. Besides, this phase of analysis includes detailed inspection of all buildings under investigation and interviews with users in order to obtain data about the numbers and types of lighting systems as well as the habits of their users. This is important in order to evaluate time engagement of lighting systems in buildings.
The electric energy consumption for lighting on yearly basis must be calculated for each type of the lighting system taking into consideration the differences in nominal power of light source as well as the fact that light sources are not equally engaged during one year. Based on the collected data about the number, power and type of lighting systems, as well as the working hours of each light source, the annual electric energy consumption for lighting is calculated with following equation: Before the replacement of the existent lighting systems in a room, it is necessary to determine the quantity of light needed in the room depending on its purpose of use, number and size of the windows, equipment locations. The necessary measures must be taken in order to meet the standards of light quality and intensity. Thus, the information about spatial distribution of working desks and the purpose of the classroom are necessary in order to select the most adequate light source solutions. Based on the recommended values of light fluxes depending on the room purpose, the most adequate LED options should be selected. Table 1 presents some of the adequate LED replacements for the traditional light sources. (4) and annual potential savings in electric energy consumption PSC, [€ per year] are:
Payback period for the investments PBP [year] in the light system replacement is calculated according to:
where IC [€] is the investment costs in LED lighting and MC [€] -the maintenance and replacement costs of the existing lighting systems for the expected payback period of the investment.
In eq. (6), maintenance and replacement costs of LED systems were not taken into account, since the LED systems have long life expectancy (manufacturers guarantee 40,000 working hours) which is longer than expected payback period.
Potential savings PSAP, [€] for the certain operational period AP, [year] can be also determined using the equation:
where MCap [€] is the difference of maintenance and replacement costs for of the existent and new (LED) system in the selected time period. The next step would be to take into consideration the maximum usage of one light source in rooms by using daylight control sensors. The installation of light sensors and presence sensors can reduce the working hours of the lighting systems and electricity consumption also prolonging lifetime of the light source. Several studies have shown that the savings made through these measures range from 7-25% [49] [50] [51] [52] [53] . In addition to adequate usage of lighting system by using presence sensors in order to reduce energy consumption it is necessary to raise the awareness of the users about proper energy management. It is not uncommon to see that the windows of public buildings are covered with Sun blinds or venetian blinds during the day and that the light is on which is the case of direct energy loss. The proper management of light energy with the optimal usage of day light can save 25-60% of energy used for lighting [54, 55] . Bearing in mind that financial sources of the public sector in Serbia are limited, this method of saving in lighting systems was neglected in this paper. In addition, when it comes to public buildings, the bottom-up methodology, defined by the appropriate Ministry in order to implement separate measures of energy efficiency improvement, focuses only on the replacement of inefficient light sources with more efficient ones. These aspects should be included in our future studies.
Results and discussions
The methodology introduced in previous chapter is going to be applied to high schools located in the city of Kragujevac, Serbia. of the costs of electricity the exchange rate 1 € = 120 RSD was used. The last two columns show the indicators of specific electric energy consumption for the selected high schools which range from 10-40 kWh/m 2 or 40-330 kWh per student per year. There are huge discrepancies in electric energy consumption in schools based on the area, the number of students and the type of a school.
Detailed inspection of all the buildings under investigation revealed the lighting in analysed school buildings is primarily based on the usage of fluorescent tubes T8 which use 90% of the energy needed for lighting, tab. 3.
In order to determine the electric energy consumption for lighting, it is important to evaluate the working hours of light bulbs per day taking into consideration that light bulbs do not work equally long during winter and summer months and that they are only used during school days. In this analysis it was estimated that daily engagement of an indoor light bulb is about 5.3 hours in average. For outdoors lighting, this value is significantly higher and is about 10.5 hours during the whole year in average. Based on the estimated values of hourly working time of light sources, annual electric energy consumption for all light sources in analysed buildings and corresponding share of lighting energy in total electric energy consumption were presented in tab. 4 .
In average, 37% of total electric energy in analysed schools is used for lighting. The biggest share in energy consumption for lighting reaches 54% in School 2 (the school of social and humanistic orientation). The school has neither laboratories equipped with machines and appliances nor computer laboratories with significant number of personal computers so the lighting has such a large share in total energy consumption. During the analysis of the given schools, the level of light was measured in order to determine whether the currently installed light sources meet the demands prescribed by the standard. In addition, these measurements helped us determine the exact number of LED tubes which would be necessary as an adequate replacement [56, 57] . The detailed analysis has shown that all currently existent systems fulfil these requirements and that it is not necessary to replace the whole lamp housings. Instead, only the bulbs should be replaced -fluorescent tubes with LED tubes. Table 4 presents the recommended more energy efficient light sources replacement for the existing sources in analysed buildings. All proposed replacements are based on LED technology. Technical characteristics and average market prices of existing and recommended lighting system were obtained systematising data available from different sources: web sites of lighting equipment manufacturers, catalogues of products and on-line shops. The LED systems with the same or similar value of the light flux use significantly less energy. For instance, 57% less energy consumption is with LED tubes comparing to fluorescent tubes and 88% with LED bulbs comparing to traditional mercury bulbs.
All analysed high schools belong to low voltage or medium voltage consumers. According to national electricity tariff system there are two tariff classes for each consumer: higher (valid from 7:00 a. m. to 11:00 p. m.) and lower (the rest of the day). Taking into count annual electricity costs and consumed electricity in each of tariff classes, average price of electricity was calculated for each school. Table 5 shows the economic evaluations of the recommended measures. When calculating electricity costs, it was assumed that indoor light bulbs consume electricity in higher tariff class period while outdoor light bulb consumes electricity in lower tariff class period. With recommended replacements of the existing system with LED solutions the consumption of electric energy can be reduced by 53-60% which can reduce the electricity costs for 20-30%.
The costs of the investments were determined based on the market price of the product and the number of light sources needed in the buildings, while the maintenance costs were calculated as replacement costs of the light sources in the payback period taking into consideration their lifetime and number of working hours per year. The economic analysis did not take into account possible changes in inflation rate since the expected payback period is less than five years. The analysed schools paid different prices for electricity because they used different tariff system and classes. For each of the school average price of electricity in lower and higher tariff was calculated based on total costs for the electricity and corresponding active power consumption in each of the tariff.
Based on the data presented in tab. 4, it is obvious that the application of LED lighting systems instead of traditional ones (fluorescent tube, incandescent bulbs, etc.) leads to significant savings and attractive investment payback time (around four years in average). Figure 4 , shows cumulative savings which can be made in ten years period (period when failure of a LED lump should not occur) for School 2 whose consumption of electric energy for lighting is 54% of total electricity consumption. After ten years, the replacement with LED lightning in the school would make potential savings of 8709 €. The analysed period can be even longer, because the average annual engagement is from 1000-4000 hours for indoor lighting and 3800 hours for outdoors lighting, but taking into consideration the rapid development of new technologies, ten-year-period is enough to prove the high profitability of the investments into the replacement of traditional lighting systems with new LED light sources.
Concluding remarks
The primary goal of this paper was to present the methodology for evaluating potential savings in lighting systems of public buildings by replacing the existent light sources with LED technology. This study performed on schools reveals that the proposed methodology is efficient and easy to use by energy managers. It can be applied in any techno-economic analysis for any public building with necessary modifications in terms of tariff system, electricity price and lighting characteristics and needs.
The study presented in this paper is also significant since it shows that potential savings in lighting systems in public buildings, which can be performed through the replacement of the traditional lighting systems with LED lighting, are considerate. The replacements like these can save up to 60% of electric energy costs for lighting. If other factors which influence the electric energy costs are taken into consideration (for tariff systems where engaged power and reactive energy are charged for) the savings can be even higher. Even though the initial investment into LED systems is relatively high, the payback period for the whole investment is less than five years which is acceptable, taking into consideration the lifetime of these systems and the fact that it is expected that the price of electricity will raise in the future. The investment into replacement of the existent lighting systems with LED technology is especially attractive to those buildings with high share of electric energy consumption on lighting (40-60%) such as schools, kindergartens, universities. These nine schools analysed in this paper spend 29400 € on lighting and 17100 € can be annually saved with new LED solutions. In addition to electric energy consumption for lighting, LED technology can reduce the emission CO 2 . Taking into consideration emission factor for Serbian national electricity grid [58] , the reduction of CO 2 emission in the schools can be estimated to 140 tons per year.
It is important to note that the appropriate choice of LED solutions is an important factor which influences the efficiency of lighting systems. There are a large number of unreliable manufacturers and suppliers who want to attract more customers through lower initial investment which eventually may result in the reduction of planned long-term benefits in terms of energy saving since the lighting sources may have lower energy efficiency, inappropriate colour or unknown life expectancy. 
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